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1. GENERAL 

provide BEA borrovers, consulting engineers, contraetors and ether interested 

C S..“trb.'™;d c„'.srprnt ?adr.““”" “ ■“ 

’ o' into three parts. Paragraph 2 is an introduction to impedance matching and covers 

3 .nd t'discnsa the ap^neaurs 

Show typical impedances at carrier and voice frequencies. The characteristic impedance of 
not referred to speoifiSly Is'^SLIotListirimpLaMe!^^°"'"’ ’ impedances shown are called typical, and are 

™!w,“£:““Se”SSi« ^ ™ » ™-ho6. 

2. INTRODUCTION 

SucrtL^veral! fLSSfLss frequencies for several reasons. Briefly, a few reasons are to 

slope, and to minimizf ^ossJaik ’ impedance for filters, to provide a smooth loss 

2.11 From a practical standpoint, when the loss of a wire line facility is to he determined, an insertion 

loss “®asurement is made. The insertion loss consists of attenuation, reflection loss and interaction 

III ao ^eflectioror (oscillator), facility impedance, and terminating impedance are equal, the4 

for- toedlncf thus, the insertion loss is equal to the attenuation. One reason 

-I S 3t carrier frequencies is to eliminate or reduce reflections so that the insertion To*:;*; 

IS nearly equal to the attenuation of a facility. Interaction loss is caused by ^UpirreHLtioS 
If there is no reflection loss, there can be no interaction loss. muupipxe retlections, thus, 

2.12 The characteristic impedance and attenuation of a transmission line can be readily calculated if the 
resistance, inductance, conductance, capacitance and length of the line are kLwn if^rrthan one 

tiT,e of line is used, the reflection and interaction losses can also be calculated; Ze^r ttese caLiIa- 

L^^nZZS He^Z^Zts"*^^ - calculations, of 

2.13 Calculations show that if an open wire carrier system at 300 kHz were applied to open wire through 500 

att.n, I entrance cable ( 19 , 22 or 24 gauge), the insertion loss would br8.4 to 9.rdb SghZZn the 

attenuation of the wire and cable (Figure 1). This added loss is caused by reflectioL and LZZion and 
cLrler^f^i^ independent of cable gauge at the higher carrier frequencies. This added loss will cause’the 
oniVd o nearer to or possibly exceed ito operating limits. Even if the carrier system 

•Z additional loss, it is undesirable to have the loss rising and falling with frequency 

Since int er channel modulation or other interfering effects may occur. ^ ^ 
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Note ; Unless inland signaling is used for both systems ^ it will be necessary to interconnect 
the E & M leads of the two carrier systems. 

FIGURE 3 

WO CARRIER SYSTEMS COJMECTED BACK-TO-BACK 



FIGURE 4 


WO-WIRE LOADED CABLE VOICE FREQUENCY EXTENSION 



Notes ; 1. Ziq and Net = 6 OO or 9^0 ohms + 2 mfd, depending on office. 

2. Amplifiers may be required at the central office to help carrier offset' loss. 

3 . Four repeating coils are required for each four-wire extension. 

4. Signaling equipment located, st the central office must coordinate with 
the carrier; this may be inland tones or d.c. signaling. Capacitors may 

be required Mth the repeating coils, depending on the signaling arrangement. 



FOUR-WIRE LOADED CABIE VOICE FREQUENCY EXTENSION 
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2.25 When voice frequency extensions are used, there are a number of connection points and each must be 
carefully checked for the proper impedance. Trunk carrier voice frequency extensions are almost 

always loaded cable, v;hich is approximately 900 ohms. This is covered in paragraphs h.3 and 4.4. 

2.26 Voice frequency filters are designed to connect with facilities of specific impedances and may not 
operate properly when used with the wrong impedance. 'Improperly used, the passbarid characteristics 

of filters may be changed. Also, improperly used voice frequency filters may cause excessive bridging losses 
at carrier frequencies. 

2.27 If voice frequency impedance matching is improperly applied, poor return losses will result. Toll 
centers and higher class offices measure echo return loss and singing point as a quick check of the 

impedance of toll connecting circuits. Refer to TE & CM-9253 "Transmission Measurements Involving Carrier 
Multiplex Equipmentj' for echo return loss and singing point measurements. 

2.3 Open wire carrier systems are often applied to a combination of cable (near the central office) and 
open wire. The wire pair is frequently used for both voice (physical) and carrier frequencies. If the 

length of the cable is not too great, an autotransformer is used at the cable/open wire junction. The auto- 
transformer provides impedance matching at carrier frequencies, passes d.c. for the physical circuit and may 
or may not provide impedance matching for the physical circuit. If the cable portion is long, a separation 
(low^pass and high pass) filter may be provided at the cable/open wire junction. This allows the open wire 
portion to be used for both voice and carrier frequencies. Two cable pairs are used 5 one for the carrier 
system and one for the physical circuit. The carrier circuit can then be impedance matched and, if necessary, 
carrier repeaters can be used in the cable portion. The physical circuit can be loaded in the cable portion 
and may or may not be impedance matched. 

2.4 Impedance ratio, return loss and reflection loss are all related. Return loss can be readily computed: 

Zt + Zp 

R.^L. = 20 log Zq - Zg . A common mismatch at voice frequencies is 600 to 900 ohms. This is an imped- 
ance ratio of 1:1.5 yields a return loss of l4 db. The reflection loss caused by the mismatch is less 
than 0.2 db. 

3. CARRIER FREQUENCY APPLICATION 

3.1 The application of carrier frequency cable to open wire impedance matching has been simplified to the 
information contained in Table 1. If the reflection and interaction losses exceed 1.0 db, it is 

suggested that the cable/open wire junction be impedance matched. Table 1 shows the length that reflection 
and interaction losses equal 1.0 db with 22 gauge cable; however, reflections and interaction are approxi- 
mately equal for short lengths of 19, 22 and 24 gauge cable. For high frequency carrier systems (above 
200^ kHz) practically everything longer than office wiring must be impedance matched. When the entrance cable 
is impedance matched to the open wire, the carrier terminal connected to the entrance cable must be strapped 
for the cable impedance. Unless instructed otherwise by the carrier manufacturer, use 135 ohms as the cable 
impedance and 600 ohms as the open wire impedance. 

3.2 Cable impedances are very similar, regardless of gauge. In the carrier frequency -range, it is not 
necessary to impedance match one cable gauge to another. (There may be exceptions with PCM carrier.) 

3.3 When radio circuits are exi.ended over coaocial cables or video pairs, use the impedances in Table 2 for 
impedance matching unless instructed otherwise by the manufacturer. 

3-4 When making measurements at carrier frequencies, use impedance matching as instructed in TE 8 e CM- 925, 
"Transmission Measurements Involving Carrier Multiplex Equipment." 

4. VOICE FREQUENCY APPLICATION 
4,1 Switched Trunk Carrier 

4.11 Most carrier channels are connected on a switching arrangement rather than connected to loops. This 
includes one end of subscriber carrier circuits and the majority of trunk carrier circuits. 

4.12 If a channel is connected to central office trunk switches, its terminal impedance is either 600 or 
900 ohms in series with 2 mfd. The balancing network is a compromise network equal to the terminal 

impedance of the channel. The return loss of a carrier channel voice frequency drop is affected by both the 
near end and far end four-wire termination sets. By design, the input impedance (Zq^ of* Figure 2) of the 
four-wire termination set should be 600 or 900 ohms in series with 2 mfd (as specified) . And farther, when 
the end office is terminated in the proper compromise network, the transhybrid loss should be sufficiently 
high at that end to avoid low echo return loss and singing point when^measured from the toll center. When 
the channel is ^switched into another trunk or loop which meets impedance requirements, this transhybrid loss 
will be maintained to the degree necessary to prevent the talker at the far end from hearing echos on long 
toll calls . 


- 3 “ 
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4.13 Table 3 gives typical impedancds for voice frequency terminals, facilities and offices. There may be 
some exceptions to the values given in the table, but unless the impedance or impedance requirements 
are known to be otherwise, these values should be used. 

4.2 Subscriber Carrier 

4.21 The voice frequency terminal impedance of both the central office and subscriber terminals of subscriber 
carrier are generally 900 ohms in series with 2 mfd. The balancing network is also 90O ohms in series 
with 2 mfd, regardless of the type or length of the voice extension. Because of the severe hybrid mismatches 
on revertive calls, subscriber carrier should always be set for at least 2 db loss in both directions of trans- 
mission. 


4.3 Trunk Carrier Two-Wire Voice Frequency Extensions 

4.31 It^is highly desirable^to place the carrier channel terminals where the circuits terminate and not use 
voice frequency extensions. Nevertheless, occasions (primarily economic) may arise when it will be 

necessary to use voice frequency extensions. 

4.32 circuits are low loss circuits, so the voice frequency extension will most likely be loaded cable 
As shown in Figure 4, is 900 ohms in series with 2 mfd and the balancing network is a precision 

balancing network (PBN) to match the mid-section impedance of the loaded cable. Zo is approximately the loaded 
cable mid-section impedance, depending on the length. If the central office is a toll center, an impedance 
compensator should be added to the loaded cable to make Z 2 look like 900 ohms in series with 2 mfd across a 
wide portion of the voice _ frequency band; in this case the office impedance is likely to be 600 ohms, so the 

must be equipped with a 900:600 ohm repeating coil. An impedance compensator is not needed with 
D66 and other wideband loading systems; the mid-section impedance of a D66 loaded line is approximately 900 ohms 
over a wide portion of the voice frequency band. ^ ^ 

4.33 When voice frequency extensions are used, the carrier portion may have to be set at a gain to meet the 

requirements. If this cannot be met with the carrier, a voice frequency repeater 
mst be used at the central office or at some intermediate point between the central office and the carher 
termnal; do not use a voice frequency repeater at the carrier terminal. The carrier is treated as a hybrid 

sain settings. Refer to the paragraph on Voice Frequency 
If m CM Section 444, Hegative Resistance and Negative Impedance Voice Frequency Repeaters iind 

Voice Frequency Repeatered Trunks)' to set the gain or loss of the carrier circuit. ^ 

4.4 Trunk Carrier Four-Wire Voice Frequency Extensions 

4.4l men voice frequency extensions are required, two-wire extensions can usually meet the needs. If the 
nr. plant is old, it may have high loss and poor return loss. For these transmission reasons 

or for so^ inband signaling requirements, four-wire extensions may be more desirable than two-wire extensions. 

1 become necessary, their exact application may vary somewhat. For simplicity, only 

are considered (Figure 5). The impedances of Zin and network are 600 or 900 ohms in 
series with 2 mfd as specified for the central office. If the overall circuit loss requirements cannot be met 
with the available gain in the carrier, one way -amplifiers may have to be placed between the hybrid and re- 
and repeati^ coils are required in this arrangement since the carrier modulator 

d demodulator and hybrid impedances are 60O ohms. The signaling equipment located at the central office must 

naffffd rf® signaling over the four wires, or separate sig- 

naling leads. If inband signaling is used, it is located with the hybrid at the central office. 


- 4 - 
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TABLE 1 

GABBIER FREQUENCY CABLE/QPEN WIRE IMPEDAI^CE MATCHING 


The cable/open wire junction should be impedance matched if the length of the entrance 
cable or cable insert exceeds that given below for the highest carrier freq^uency in the 
system. Also, the carrier terminal connected to the entrance cable should be strapped 
for the cable impedance. 


FREQ. (kHz) LENGTH (Ft.) 


FREQ. (kHz) LENGTH (Ft.) 


50 

350 

200 

100 

75 

240 

250 

85 

100 

180 

300 

70 

112 

170 

350 

60 

150 

130 

4 oo 

50 


TABLE 2 


TYPICAL CARRIER FREQUENCY IMPEDANCES 


Cable (any gauge) 
Open Wire 
Video Pair 
Coaxial Cable 
Radio Baseband 


135 ohms. Balanced (Note l) 
600 ohms. Balanced (Note 2) 
124 ohms, Balanced 
75 ohms. Unbalanced 
75 ohms, Unbalanced 


Notes : 


This ranges from about 100 to I50 ohms, depending on frequency and mutual 
capacitance. 


2. This depends on the type of wire, spacing, etc. 


TABLE 3 

TYPICAL VOICE FREQUENCY IMPEDANCES 


Subscriber Loop Plant 
Voice Frequency Extension 
Subscriber Carrier 
Trunk Carrier 
Carrier Mod or Demod 
Class 5 Office 
Class 4 Office 


900 ohms + 2 mf d (Note l) 

900 ohms + 2 mfd (Note l) 

900 ohms + 2 mfd 

600 or 900 ohms + 2 mfd (Note 2) 

600 ohms 

900 ohms + 2 mfd (Note 3) 

600 ohms + 2 mfd (Note 4) 


Note£; 1. Subscriber loops, voice frequency extensions and telephone sets vary widely 

in impedance depending on the facility, length, loading, etc. For the purposes 
of impedance matching, all loop plant and extensions are considered to be 900 
ohms in series with 2 mfd unless specified otherwise. 

2. The impedance will depend on the class of office of if a voice extension is 
permanently connected to the carrier. 

3* This includes EAS trunks. 


4. A Class 4 office is usually 600 ohms in series with 2 mfd except a crossbar 
tandem which is "9OO ohms in series with 2 mfd. 
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Notes: 1. Strap BOG to balance out office wiring. 

2. Network = 6 OO or 900 ohms + 2 mfd as required. 

3 . Network = PBN if loaded cable voice frequency extension 

is permanently connected. 

Zin = 600 ohms + 2 mfd if network = 6 OO + 2. 

5* Zin = 900 ohms + 2 mfd if network = 9 OO + 2 or PBN. 

6 . Modulator and Demodulator are 600.ohms. 


FIGURE 2 

lYPICAL FOUR-im^E TEi^ SET 
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^ matchiag helps to provide a smooth slope as a function of frequency which can be readily 

suitable networks. If there are two or more adjacent carrier systems, impedance matching 
... to^reduce carrier crosstalk caused by reflections. The reflections can contribute to crosstalk ir 


adjacent systems and (2) reflected near-end" crosstalk’*^ (See TE & CM-463? "" 
REA-1 T-ansposition System, for further information on near-end reflected crosstalk.) 

2.15 In the absorption peak region of open wire, the impedance cannot be maintained at 6OO ohms, but varies 

tion very high. However, the impedance of open wire is unimportant in or above the absorp- 

tion peak region because it is not suitable for carrier. 

2.16 Carrier frequency filters are designed to connect with facilities of given impedances and should only 

filter circuits of that impedance to give proper results. Using an open wire carrier frequency 

eable_(l35 ohms) could alter the carrier system insertion loss or passband character- 
istics. Do not use open wire filters on cable or vice versa unless instructed to do so by the manufacturer. 

open wire carrier system has entrance cable longer than the lengths specified in Table 1, strap the 
ThP 5=^ office terminal for the cable impedance and use impedance matching at the cable/open wire junction. 

^ cable is inserted in the open wire for river crossings, etc. Some filter assemblies 

are equipped with repeating coils that have straps for two or more impedances. 

2.17 Radio multiplex is sometimes extended from the radio terminal by coaxial cables or video pairs. The 

w terminal and coaxial cable are usually 75 ohms and will not need to be matched 

. ® ^ ® impedance of video pairs is 124 ohms and will need to be matched to the radio 

Sometimes applied to radio also; the impedance of wire line carrier is usually 
ld5 ohms or oOO ohms and will need to be matched to the radio terminal. ^ 

2.18 There are a number of devices available for impedance matching at carrier frequencies as described in 
the previous paragraphs. These are generally repeating coils of various ratios and autotransformers. 

2.2 In carrier m^tiplex systems, impedance matching is generally applied at voice frequencies to reduce 
the overall facility loss, to provide the proper impedance for filters, and to improve return loss. 

2.21 The voice frequency impedance matching covered in this section is primarily between the central office 
terminal voice frequency drop of the carrier equipment and the central office switching equipment. 

extensions of the carrier are also covered to some degree. Since repeating coils are not 
completely transparent in impedance, it is desirable to do all of this type of impedance matching in the 
hybrids (four-wire termination set) of the carrier terminal. Better terminal impedances are obtained in this 
manner an i reduces the chance of reversing the coil windings and getting wrong impedances. The trunk 

requires that the proper impedance be supplied by the carrier equipment. For 
the purpose of this section, it is assumed that the proper impedance can be furnished by the carrier hybrid, 

two common voice frequency impedances supplied by carrier channel drops are 600 ohms or 900 ohms 

^ mfd). A typical arrangement is shown in Figure 2. The modulator and demodulator of 
serierwiS impedance of the carrier voice drop (Zi,) is either 6OO or 900 In 

f ® compromise network of 600 or 900 ohms in series with 2 mfd or a 

neoWork_(see paragraph U.3). Generally the impedance of the network and voice drop will 

office ToeLral f 7 carrier is at L end 

= central is assigned an mpedance depending on its use or class. The central office is 

Dedance^f^thrr^^^^"4 ^4^ impedance), however an impedance is assigned as an average or "nominal" im- 
pedance of the loops or trunks terminating in the office. Typical office impedances are shown in Table 3. 

ny cenral office trunk switching circuits are equipped with repeating coils for impedance matching to other 
components of the plant. Check that these are of the proper ratio and wired properly! ?hrBTO (bundiL o^r 

2.23 If the network and line (or equipment connected to the voice drop) are severely mismatched, voice 
requenoy signals from the demodulator will cross the hybrid into the modulator and possibly cause 
^ unless hybrids at both ends of a system were severely un- 

o^anced. More likely the mismatch would appear as an echo to the talker at the far end of a long toll 

“ight be an operator (headset in monitor position) 
answering party would hear an echo of his voice due to the poor terml- 

joined to another type of carrier, the interconnection is generally a four 
tack- to-back arrangement at voice frequency as shown in Figure 3- Assuming the modulator and 
l^cf Sf fioHf trlf^^iss^n."^ respectively, a 23 db attenuator pad (at 6OO ohms) will be required for 
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